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(54) Digital PLL circuit and initial setting method 

(57) With the object of reducing the circuit size and 
shortening the lock-in time of a DPLL circuit used in a 
receiver for radio data communication employing the 
GMSK modulation system, a data latch circuit (23) and 
subtracter (24) find the phase information difference for 
each symbol from the incoming phase data. A modula- 
tion component removal circuit (25) removes the modu- 
lation component from the phase information difference. 
A frequency error calculating circuit (26) integrates the 
phase information difference over an interval of n sym- 
bols, multiplies this integrated value by 1/n, and takes 
the result as the mean frequency error value for the 



interval of n symbols, and then ou^uts this to loop filter 
(32). A phase error calculating circuit (27) further inte- 
grates over an interval of n symbols the integrated value 
from the frequency error calculating circuit, and muKi- 
plies the result by 2/n. Adder (28) adds an initial phase 
latched by a data latch circuit (22) to the output erf the 
phase error calculating circuit and outputs the result to 
NCO (33) as the phase error value. Operation of loop 
unit (36) is commenced with a timing that is preset by 
the mean frequency error value and phase error value. 
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Description 

The present invention relates to a digital PLL circuit, and more particularly relates to a method of initial setting of a 
digital PLL circuit employed in digital communication using for example GMSK (Gausian filtered Minimum Shift Keying). 
5 In multi-directional communication systems in which communication is performed in bursts, systems using PSK 
(Phase Shift Keying) modulation are common. In such PSK systems, drift of the frequency of the carrier wave i.e. fre- 
quency offset produces phase demodulation distortion, which severely impacts the symbol error rate characteristic. A 
device is therefore necessary to automatically compensate for the amount of phase rotation produced by frequency off- 
set. 

io To provide a receiver having means tor removing the effect of frequency offset, phase synchronization detection 
devices etc have been proposed of the prase-locked loop (PLL) type; in these devices, the frequency of oscillation of 
a phase-locked oscillator is made to automatically track the input frequency by regenerating the carrier wave and per- 
forming phase comparison between me regenerated wave and the input wave. The relationship of input signal to noise 
ratio, and error rate in such a synchronized detection device is said to be superior to that of differential detection. 

is A type of such PLL type phase-locked detecton devices that has recently attracted attention is the digital PLL This 
is due to the characteristic featuies of a digital PLL. namely that, compared with an analogue PLL, it has a larger cap- 
ture range, is less effected by oscillations o* the input signal, and can easily be implemented as an IC. 

Fig. 1 shows an example of a poor art DPLL or curt This DPLL circuit is called a phase calculation signal process- 
ing type DPLL, and is constituted of an angle cafcutafton orcurt 1 1 1 that finds the phase angle 9 of the signal from the 

20 in-phase component (I) and quadrature component (O) from a sub-synchronous detection unit {not shown), a subtrac- 
ter 112 adapted to function as a phase comparison era* a phase adjustment circuit (MOD) 113, a loop fitter 114, and 
a numerically controlled oscillate* (NCO) 115 Fi#»t* characteristic advantages of this DPLL circuit are that it has 
excellent noise characteristics and synchronization character rstcv and enables high carrier frequencies to be used. 
Such a DPLL drcuit is described m "Hiampf** at omgn of PLL control circuits" edited by M. Hata. published on 18 

25 December 1987 

Although such a digital PLL rs superior to an analogue p LL m many respects, rt does have the drawback that it 
requires a lock-in time usually cx>nespondng to a*** tens o* symbote. Various proposals have been made to reduce 
this lock-in time of a digital PLL. 

For example, Japanese Unexamined Paten? Puttcaton Ho SHO 64-48519 entiled "DPLL circuit whose lock-in 
30 time can be automatically controlled" discloses a crcutf as shown tn Ftg. 2. It may be noted that the DPLL circuit of Fig. 
2 differs from the DPLL circuit of Fig 1 in that rt rapr«&«nts a direct conversion of the analogue PLL circuit form into a 
signal processing form. 

In the DPLL circuit of Fig 2. apart from tne phase comparator 121 that compares the phases of the input timing 
signal and the reference clock, there is provided a phase difference detector 122 that detects the phase difference of 
35 these. Reduction in the lock-in time is achieved by ao)usftng the rate by adding pulses to the pulse train from fixed oscil- 
lator 1 23 or removing pulses from this pulse tram, *i accordance with the phase difference detected by phase difference 
detector 122. 

In more detail, the DPLL arcurt shown m Fig 2 comprises a phase comparator 121, phase difference detector 1 22, 
fixed oscillator 123, sequential loop fitter 124, purse adefton or removal accelerator 125, pulse addition or removal cir- 
40 cuit 126, and frequency divider 127. 

Phase comparator 121 compares me phase of the wnmg signal that is received as input and the reference clock 
obtained by feedback. Binary quantization to i or ♦ t ct the phase lead/lag with respect to the timing signal of the ref- 
erence clock is then performed in each cycle of trw wave 

In accordance with the output of phase comparatof i2t. sequential loop filter 124 outputs a +1 pulse in a pre- 
45 scribed period whilst the reference clock lags the mput fcmmg signal and outputs a -1 pulse in a prescribed period whilst 
the reference dock leads the input timing signal 

Phase difference detector 122 detects the pnase difference between the input timing signal and the reference 
clock. It then outputs a gate control signal cc*re*wx*ng to the detected phase difference to pulse addition or removal 
accelerator 125. 

so Pulse addition or removal accelerator 125 turns a oate on or off in response to a gate control signal from phase 
drfference detector 1 22 to control the number of pulses from sequential loop filter 124. That is, pulse addition or removal 
accelerator 125 outputs all or some of the input pulsus to pulse addition or removal circuit 126 depending on the gate 
control signal. 

Pulse addition or removal circuit 12S receives pulses thai are input from pulse addition or removal accelerator 1 25 
55 and, in the case of +1 pulses, adds pulses of a number corresponding to the number of these pulses to the pulse train 
that is input from fixed oscillator 123. And in the case o* * 1 pulses, it removes pulses of a number corresponding to the 
number of these pulses from the pulse train that is input from fixed oscillator 123. The new pulse train that is thus 
obtained is then subjected to frequency division by freouency divider 127 and output as the reference clock. 

Thus, in the DPLL circuit of Fig. 2, shortening of the lock-in tome can be achieved H, when the phase difference 
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between the timing signal and the reference dock is large, the number of pulses added or removed is made larger (i.e. 
if the frequency of operation is raised). Also, by raising the frequency of operation, jitter can be reduced. 

A first problem with the conventional DPLL circuit is that attempts to shorten the lock-in time result in excessive 
increase in the size of the circuit. The reason for this is that two phase comparators are 

necessary and, furthermore, a circuit such as a pulse add-on or removal accelerator is required. 
A second problem of the conventional DPLL circuit is that overshoot of the output phase of the phase comparator 
cannot be suppressed, so considerable time is required for lock-in. 

The reason for this is that setting of the initial values etc. is not performed in the initial lock-in period. 
An object of the present invention is to reduce the circuit size and shorten the lock-in time of a DPLL circuit 
employed in a receiver device for radio data communication which uses the GMSK modulation system. More specifi- 
cally, an object of the present invention is to reduce overshoot of the phase output of the phase comparator circuit by 
enabling the loop action of the DPLL circuit to be commenced after setting the initial value of the integration term of the 
loop filter and numerically controlled oscillator (NCO) of the DPLL circuit. 

According to the present invention there is provided a digital PLL circuit comprising a loop unit including means for 
phase comparison, means for phase adjustment, a loop filter, and a numerically controlled oscillator, further comprising: 
means for initial setting that find a mean frequency error and phase error information from continuous data correspond- 
ing to n+1 symbols of phase data that is continuously input to said means for phase comparison; means for delaying 
that delays by an amount corresponding to one symbol the phase data that is continuously input by said means for 
phase comparison; and means tor controlling timing that control the operating timing of said means for initial setting and 
the operating timing of said loop unit, and whereby said mean frequency error is preset in said loop filter and that actu- 
ates said loop means 1 when said phase error information has been preset in said communication^ control escalator. 

Also according to the present invention there is provided a digital PLL circuit, wherein sakj means for initial setting 
comprise; means for calculating frequency error that sequentially finds the difference of two successive phase data of 
said data corresponding to rw i symbols, that integrates said differences to find an integrated value and then multiplies 
this by i/n and takes tr*s as sact mean frequency error value; means for data latching that latches the phase data of 
the first symbol of sad data corresponding to n+ 1 symbols: and means for calculating phase error that further integrates 
said integrated values over n symbols and muttplies the result by 2/n, which it then adds to said phase data latched by 
said means for data latcfrno, and takes ths as said phase error information. 

Further according to me present invention there ts provided a method of actuating a digitaf PLL circuit comprising 
a loop unit including means t> phase comparison, means for phase adjustment, a loop filter, and a numerically control- 
led oscillator, comprising means for mmal setting that finds a mean frequency error and phase error information from 
data corresponding to ru i successive syrnbofs of phase data that are successively input by said means for phase com- 
parison; means for delaying that delays the phase data successively input to said means for phase comparison by an 
amount corresponding to one symbol, and means for controlling timing that controls the operating timing of said means 
for initial setting and said loop urwt. wher&n said means for phase comparison are actuated in a condition with the oper- 
ation of said loop unit oHaoJed. and said loop unit is actuated with a timing determined by said mean frequency error 
and said phase error information and the operation of said means for initial setting is then disabled. 

Integration is performed ove* a n-symooJ nterval after f riding the phase information difference of each symbol and 
removing the modulation component The mean frequency error value over the n-symbol interval is taken as 1/n times 
the integrated value. Also. :ne phase error value at the time point when integration has been performed over n symbols 
is found by further integrating this already-integrated frequency error value over an interval of a further n symbols and 
multiplying by 2/rx, then adding to the mmal phase The loop unit is actuated after presetting the integration term of the 
loop filter of the loop umt to the mean frequency eno* value and presetting the integration term of the nume; ica!ly con- 
trolled oscillator to the phase error value Since the loop unit is actuated after performing initial setting, when actuation 
is performed, the input data value and the data value obtained by feedback are practically the same. The occurrence of 
overshoot can thereby be practically suppressed 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a conventional DPLL circuit; 

Fig. 2 is a block diagram of a conventional DPLL circuit provided with means for shortening the lock-in time; 

Fig. 3 is a block diagram showing an example of reception to which a digital PLL circuit according to the present 

invention is applied; 

Fig. 4 is a block diagram showing an embodimerrt of a digital PLL circuit according to the present invention; 

Fig. 5 is a timing diagram for explanation of the operation of the timing control circuit shown in Fig. 4; 

Fig. 6 is a block diagram showing an example of the construction of a loop filter 32 shown in Fig. 4; 

Fig. 7 is a block diagram showing an example of the construction of a numerically controlled oscillator 33 shown in 

Frg. 4; 

Fig. 8 is a view given in explanation of the operatton ol loop unit 36 shown in Fig. 4; 
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Fig. 9A is a graph showing the output phase with respect to time of loop unit 36 shown in Fig. 4; 
Fig. 9B is a graph like Fig. 9A of the case where operation of the initial setting unit is disabled; 
Fig. 10 is a block diagram showing a further embodiment of a digital PLL circuit according to the present invention; 
Fig. 11 is a block diagram showing an example of the construction of loop filter 81 shown in Fig. 10; and 
5 Fig. 1 2 is a block diagram showing an example of the construction of NCO 82 shown in Fig. 10. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are now described below with reference to the drawings. First of all, a GMSK 
10 receiver employing a digital PLL circuit according to the present invention will be described with reference to Fig. 3. 

The GMSK receiver shown in Fig, 3 comprises an antenna 1 1, RF unit 1 2, A/D converters 13a, 13b, angle calcu- 
lating circuit 14, BPSK conversion circuit 1 5 t and a digital PLL circuit 16. 

Antenna 1 1 receives a signal produced by GMSK modulation at the transmission end using a preamble and data 
signal following on from this. The signal that is received by antenna 1 1 is input to RF unit 12. When RF unit 12 inputs a 
15 signal exceeding a predetermined level, it communicates to the digital PLL circuit 16 a carrier signal 1 01 indicating this 
fact. Concurrently. RF unit 12 performs quadrature demodulation using the local signal obtained after passing the 
received input signal through a bandpass filter (BPF, not shown). The signal which is thus obtained can be regarded as 
a PSK modulation signal. 

The signals that have been obtained by quadrature demodulation in RF unit 1 2, that is, in-phase component I and 

20 quadrature component Q. are input to respective A/O converters 13a and 13b. A/D converters 13a, 13b subject the 
respectively input signals to analogue/digital conversion before outputting them to angle calculating circuit 14. 

Angle calculating circuit 14 extracts the phase information from the input in-phase component I and quadrature 
component Q. That is. it performs the calculation: tan 1 (Q/l) . The calculation of tan 1 (Q/l) could be implemented using 
a cfigrtal circuit or digital signal processor (DSP) etc.. but a fast calculation speed with hardware of simple construction 

25 can easily be implemented by using a ROM (Read Only Memory) table. Also, increasing the number of output bits of 
angle calculation circuit 14 would increase the accuracy, but since the next-stage processing is thereby made more 
complicated, about 6 bits is preferable. 

Next, the phase information that is output from angle calculation circuit 14 is input to BPSK conversion circuit 15. 
BPSK conversion circuit 1 5 performs phase conversion of the input phase information such that the GMSK modulation 

30 can be regarded as BPSK modulation in order to facilitate processing in subsequent stages. Specifically. BPSK conver- 
sion circuit 1 5 repetitively adds 0, +n/2, +2tc/2, and +3*/2 sequential to the incoming phase information. That is. when 
"0" is sent in GMSK modulation, a phase conversion of -rc/2 is applied, and when "i w is sent, phase conversion of +k/2 
is applied; what this amounts to is that, when these values are sequentially summed, when TT is sent the phase does 
not change, but when T is sent, the phase is changed by +n. Consequently, if phase conversion as above is per- 

35 formed. GMSK modulation can be regarded as BPSK modulation. 

For example, if we assume that the data sent from the sending end is "0". "1 *, " r, "0", the phase information output 
from the angle calculation circuit 14 in the ideal condition would be "-a/2. 0. +rc/2, 0". The output phases of the BPSK 
modulation circuit 15 are then: "+3ti72 -*/2) ( +n/2, +3ic/2. +3k/2", which can be regarded as BPSK modulation. 
By performing the process as above, the BPSK phase data (for example, 6 bit data) that is output from BPSK con- 

40 version circuit 1 5 is input to digital PLL circuit 16. where data demodulation is performed. An embodiment of digital PLL 
circuit 16 will now be described in detail with reference to Fig. 4. 

As shown in Fig. 4, digital PLL circuit 16 comprises timing control circuit 21, data latch circuits 22. 23, subtracter 
24, modulation component removal circuit 25, frequency error calculation circuit 26. phase error calculation circuit 27, 
adder 28, shift register 29, phase comparison circuit 30. phase adjustment circuit 31 . loop filter 32, numerically control- 

45 led oscillator (NCO which is called digital VCO) 33, and quadrant discrimination circuit 34. Data latch circuits 22, 23, 
subtracter 24, modulation component removal circuit 25, frequency error calculation circuit 26, phase error calculation 
circuit 27, and adder 28 constitute the initial setting unit 35, while shift register 29, phase comparison circuit 30, phase 
adjustment circuit 31 , loop filter 32 and NCO 33 constitute loop unit 36. The action of this digital PLL circuit 16 will now 
be described. 

so When timing control circuit 21 inputs carrier signal 101 from RF unit 12. it outputs initial gate signal GS. Subse- 
quently it generates a setting pulse T and PLL gate signal with prescribed timings. 

Initial gate signal GS defines the operating period of initial setting unit 35. and is supplied to all the circuits that par- 
ticipate in the initial setting operation, namely, data latch circuits 22. 23, subtracter 24, modulation component removal 
circuit 25. frequency error calculating circuit 26. phase error calculating circuit 27. and adder 28. The PLL gate signal 

55 defines the operating period of loop unit 36 and is supplied to all the circuits that execute PLL operation, namely, shift 
register 29, phase comparison circuit 30, phase adjustment circuit 31, loop filter 32, and NCO 33 and quadrant discrim- 
ination circuit 34. Setting pulse T is supplied to loop filter 32 and NCO 33 in order to preset in loop unit 36 the initial 
values that are output from initial setting unit 35. A timing chart of these signals is shown in Fig. 5. 

Next, the initial setting operation of digital PLL circuit 16 will be described. Data latch circuit 22 latches the phase 
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data (initial phase data) that is output first of all from BPSK conversion circuit 1 5. Also, data latch circuit 23 latches, one 
symbol at a time, the phase data that are successively input, and outputs these to subtracter 24. Subtracter 24 obtains 
the difference between the phase data from data latch circuit 23 and the phase data that are newly output from BPSK 
conversion circuit 15 (i.e. it performs differential demodulation). In this way. the phase difference information for each 
symbol can be obtained. However, this phase difference information contains a modulation component. 

Modulation component removal circuit 25 removes the modulation component contained in the phase difference 
information from subtracter 24. Specifically, rt masks the most significant bit of the phase difference information that is 
input. In this way, pure phase difference information not containing a modulation component is obtained. In the case 
where the signal that is input to this digital PLL circuit 16 is QPSK phase data (6 bits), pure phase difference information 
is obtained by masking the most significant two bits. 

The phase difference information that is output from modulation component removal circuit 25 is input to frequency - 
error calculating circuit 26. Frequency error calculating circuit 26 comprises a data latch circuit and adder (not shown), 
and successively integrates the phase difference information that is input over an interval of n symbols (for example an 
interval of 8 symbols). Frequency error calculating circuit 26 then outputs this value to phase error calculating circuit 27 
every time this integration calculation proceeds by an amount corresponding to one symbol. Also, frequency error cal- 
culating circuit 26 multiplies the finally obtained integrated value by 1/n (in for example the case of multiplication by 1/8, 
this can be implemented simply by a bit shift). The mean frequency error value per symbol is thereby obtained. This 
mean frequency error value is output to loop filter 32. 

If for example the BPSK phase data that are input to digital PLL circuit 16 are assumed to be , a 2 . a 3 a^, a n . 

v a n . a^,. the phase difference information that is output from subtracter 24 is: (a* - a^). i * 2, 3, n. n+1. If now, for 
convenience in explanation, we assume that the BPSK phase data do not contain a modulation component frf the angle 
calculating circuit 14 delivers 6 output bits, these data are the least significant 5 bits i.e. excluding the most significant 
bit), the successive inputs to frequency error calculating circuit 26 are: (a 2 - a^, (a 3 - a 2 ), .... (a^ - a,,). Frequency error 
calculating circuit 26 continuously integrates the input phase difference information and outputs it to phase error calcu- 
lating circuit 27, That is, frequency error calculating rircuit 26 outputs to phase error calculating circuit 27 the sequence: 
(as-a^, (a 2 'B^) + (a 2 -a 2 ) (aa-a^ + faa -a 2 ) + „. + {a n -a (Vl ) + (a n+1 -a n ). 

Furthermore, frequency error calculating circuit 26 multiplies the value integrated over an interval of n symbols by 
1/n. That is, frequency error calculating circuit 26 performs the calculation expressed by equation (1) to find the mean 
frequency error value per symbol. 
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Increasing the value of n makes the value of the mean frequency error obtained as above more accurate, since 
more widely dispersed values are taken. However, due to the trade-off relationship with the length of the preamble of 
the received signal, a value of about 8 symbols is suitable. Also, if n is set to a power of 2 (2 m , : m « 0, 1 , 2, ...), the divi- 
sion in the bit calculation in the subsequent stage can be effected by a simple bit shift. 

The mean frequency error value found by frequency error calculating circuit 26 is output to loop filter 32. 

Phase error calculating circuit 27 further integrates the integrated values that are successively input from frequency 
error calculating circuit 26 over a range of n symbols, using a data latch circuit and adder, not shown. That is, it performs 
the calculation shown in equation (2). 
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Phase error calculating circuit 27 then multiplies the integrated value obtained by 2/n, and outputs it to adder 28. 

Adder 28 adds the initial phase data held by data latch circuit 22 to the output value from phase error calculating 
circuit 27. Phase error information at a time point where integration has been performed n times is thereby obtained. 
The phase difference information obtained is output to NCO 33. 

Loop filter 32 and NCO 33 may be constructed for example as shown in Fig. 6 and Fig. 7. In detail, as shown in Fig. 
6. loop filter 32 is basically a loop integrator employing a data latch circuit 321 and adders 322, 323, and comprising 
digital filters 324, 325 and a multiplexer (MUX) 326. Also. NCO 33. as shown in Fig. 7, like loop filter 32, is basically a 
loop integrator, and comprises a data latch circuit 331, adder 332 and multiplexer 333, 

The mean frequency error value from frequency error calculating circuit 26 and the phase difference information 
from adder 28 are respectively input to multiplexer (MUX) 326 and multiplexer (MUX) 333. These multiplexers 326 and 
333 also input a setting pulse T. Setting pulse T is output from timing control circuit 21 at the timing at which the calcu- 
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lation process^:: an n-symbol interval has been completed. 

Multiplexer :0 and 333, in response to setting pulse I respectively output the mean frequency error value and 
phase difference : rormation to data latch circuit 321 and data latch circuit 331 . That is, the mean frequency error value 
and phase difference information are respectively preset by setting pulse T in the respective integration terms of loop 
5 filter 32 and NCO 33. 

Next, when the initial setting operation of digital PLL circuit 16 has been completed as described above, PLL oper- 
ation is commenced. Shift register 29 delays the BPSK phase data that is input to it by an amount corresponding to one 
symbol, in order to adjust the output timing of initial setting unit 35 and the operation commencement timing of loop unit 
36. 

w Phase comparison circuit 30 is a simple subtracter that subtracts the output value of NCO 33 from the \np\A BPSK 
phase data. Thus an output phase synchronized with the carrier wave is obtained from phase comparison circuit 30. 
That is, an output phase is obtained from which the effect of offset of the frequencies of the oscillators at the sending 
end and the receiving end has been removed. 

Phase adjustment circuit 31 removes the sending-end modulation component from the phase signal that is input 

15 from phase comparison circuit 30. This circuit can be implemented by a MOD (n) circuit in the case where the mode of 
modulation is BPSK, or by a MOD (n/2) circuit in the case where the mode of modulation is OPSK. This phase adjust- 
ment circuit 31 also adds an offset value (n/2) in order to facilitate the decision process performed by quadrant discrim- 
ination circuit 34. 

Quadrant discrimination circuit 34 performs differential detection of the output of phase adjustment circuit 31 . That 
20 is, it finds the difference between the present output phase and the previous output phase at each symbol and deter- 
mines the demodulation data depending on whether this result is an I or Q quadrant. 

Also, the output of phase adjustment circuit 31 is output to the outside in order to monitor the operating condition 
of loop unit 36 or to monitor the orcutt condition by finding the quality of the phase data using the least significant bits 
from which the modulation component has been removed. 
25 Referring once more to Fig 6. the output from phase adjustment circuit 31 that was input to loop filter 32 is 
branched into two. and these are respectively input to digital filters 324. 325. The output of digital filter 324 (filter coef- 
ficient x 1/4) is directly input to adder 323 m contrast, the output of digital filter 325 (filter coefficient x 1/32) has the 
value latched by data latch or curt 321 added to it by adder 322 before being input to adder 323. Adder 323 adds these 
two input values and outputs the result to NCO 33 
30 As shown in Fig. 7. in NCO 33. the value latched by data latch circuit 331 is added to the value input from loop filter 
32. 

Let us now consider the case where, as shown in Fig. 8, the BPSK phase data {assumed not to contain any mod- 
ulation component) that are tnpai to digrtal PLL circuit 16 begin with *r, and increase by one each time, as: 1. 2, 3, .... 

8, 9 In this case, the data are input to phase comparison circuit 30 delayed by a delay (corresponding to one symbol) 

35 produced by shift register 29 

For its part, the integrated value r» frequency error integration circuit 26 is, successively, 1, 2, 3. ... i.e. the result of 
successive addition of these increases of one m each case of the BPSK phase data; thus it becomes "8" after eight 
symbols. Consequently, the mean frequency error value that is output to loop filter 32 from frequency error calculating 
Circuit 26 is 8/8 = 1. 

40 Also, the integrated value m phase error calculating circuit 27 after 8 symbols is *2B\ Consequently, the output of 
phase error calculating circuit 27 is the value obtained by dividing "28" by 8/2 = 4 i.e. it is T\ To this value is added the 
initial phase data T that was latched by data latch circuit 22. and the result, "8". is supplied to NCO 33 as the phase 
error information. At this point, if setting pulse T is being output from timing control circuit 21 , the output of NCO 33 
becomes m B\ That is, if the output of shift register 29 is "8", the output of the NCO is -8". Consequently, the output of 

45 phase comparison circuit 30 is "0" That is. the output phase of loop unit 36 is locked. Phase adjustment circuit 31 now 
adds an offset value of k/2, so its output phase is locked at kV2. 

Thus, in the digital PLL circuit 16 of Fig. 4, loop unit 36 starts operation at the timing where setting pulse T is output, 
and its output phase is concurrently locked at the pf escribed value. Fig. 9A shows the relationship between the output 
phase and the lapsed time after commencement of operation of this digital PLL circuit 16. For comparison, Fig. 9B 

so shows the relationship between the output phase and time in the case where operation of initial setting unit 35 is disa- 
bled (corresponding to a DPLL of the conventional phase addition signal processing type). As is clear from Figs. 9A and 
9B. if. by disabling the operation of initial setting unit 35. loop unit 36 is actuated right from the start, overshoot occurs 
with the result that some time is required before the output phase becomes stable. In contrast, with this embodiment, 
there is no overshoot at all. and locking occurs instantaneously at the time point of setting pulse T However, it should 

55 be noted that H distortion is present in the input BPSK data, locking is not instantaneous, but, providing the S/N condi- 
tion is comparatively good, the input data and the NCO 33 output value give extremely close values, so the locked con- 
dition is produced with minimal delay. 

A further embodiment of digital PLL circuit 1 6 will now be described with reference to Fig. 10. Items which are iden- 
tical to items in Fig. 4 will be given the same reference symbols and further description omitted. 
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Noting the fact that in this digital PLL circuit 1 6, frequency error calculating circuit 26, phase error calculating circuit 
27, loop filter 32 and NCO 33 in Fig. 4 each consist of a loop integrator, a construction can be adopted in which these 
loop integrators are made common, being switched by for example a multiplexer. Specifically; loop filter 8t and NCO 82 
also serve as ihe frequency error calculating circuit and phase error calculating circuit respectively. By means of such 
5 a construction, the size of the circuit of the digitaJ PLL circuit 1 6 of this embodiment can be curtailed while yet providing 
equivalent functionality to the digital PLL circuit of Fig. 4. Fig. 1 1 shows a constructional example of such a toop filter 
and Fig. 12 shows a constructional example of such an NCO- 

With the present invention, the loop lock-in time can be shortened by providing an initial setting unit that sets an 
value in the loop utvt of the digital PLL circuit, so that the loop is only actuated after the initial setting, 
70 Also, with the present invention, since the lock-in time is shortened, when this invention is applied to a receiver 
(demodulator), synchronization can be obtained using only a very short preamble time included in the received signal; 

Claims 

is 1. A digital PLL circuit comprising a loop unit including means for phase comparison, means for phase adjustment, a 
loop filter and a numerically controlled oscillator characterized by; 

means for initial setting that find a mean frequency error and phase error information from continuous data cor* 
responding to n+1 symbols of phase data that is continuously itput to said means for phase comparison; 
so means for delaying that delays by an amount corresponcfing to one symbol the phase data that is continuously 

input by said means for phase comparison; and 

means for controlling timing that control the operating timing of said means for initial setting and the operating 
timing of said loop unit, whereby said mean frequency error is preset in said loop filter and that actuates said 
loop unit when said phase error information has been preset in sad numericaly controlled oscillator. 

25 

2. The digital PLL circuit according to claim 1 , wherein said means for initial setting comprise means for calculating 
frequency error that sequentially finds the difference of two successive phase data of said data corresponding to 
n+1 symbols, that integrates said differences to find an integrated value and then multplies this by 1/n and takes 
this as said mean frequency error value; means for data latching that latches the phase data of the first symbol of 

so said data corresponding to n+1 symbols; and means for calculating phase error that further integrates said inte- 
grated values over n symbols and multiplies the result by 2/n. which it then adds to said phase data latched by said 
means for data latching and takes this as said phase error information. 

3. The digital PLL circuit according to claim 1 or a wherein satd loop f Bier, said numerically controlled oscillator, said 
35 means for calculating frequency error, and said means for calculating phase error respectively comprise a loop inte- 
grator. 

4i A method for initial setting of a digital PLL tircuit comprising a loop unit including means for phase comparison, 
means for phase adjustment a loop filter, and a numerically controlled escalator, characterized by: 

40 

initial setting that finds a mean frequency error and phase error information from data corresponding to n+1 
successive symbols of phase data that are successively input by said means for phase comparison; 
delaying that delays the phase data successively input to said means for phase comparison by an amount cor- 
responding to one symbol; and 
4$ controlling timing that controls the operating timing of said means for initial setting and said loop unit; wherein 

said means for phase comparison are actuated in a condition with the operation of said loop unit disabled, and 
wherein said loop unit is actuated with a timing determined by said mean frequency error and said 
phase error information and the operation of said means for initial setting is then disabled. 
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